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Abstract: <span>Bell and experimental tests of his inequality showed that it is impossible to explain al of the predictions of quantum mechanics
using a theory which satisfies the basic concepts of locality and realism, but which (if not both) is violated is still an open question. As it seems
impossible to resolve this question experimentally, one can ask how plausible realism -- the idea that external properties of systems exist prior to and
independent of observations -- is, by considering the amount of resources consumed by itself and its non-local features. | will construct an explicit
realistic model in which the number of hidden-variable states scales polynomially with the number of possible qguantum measurements. In the limit
of alarge number of measurements, the model recovers the result of Montina, that no hidden-variable theory that agrees with quantum predictions
could use less hidden-variable states than the straightforward model in which every quantum state is associated with one such hidden state. Thus, for
any given system size, realistic theories cannot describe nature more efficiently than quantum theory itself. I will then turn to the problem of
"non-locality” in realistic theories showing that every such theory that agrees with quantum predictions allows superluminal signaling at the level of
hidden variable states.</span>
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What is a wave function?

“Ontic”

like @ mechanical

variable

description of
individual

ms/fields
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agent's knowledge of
ontic states

ke a state of
knowledge of some
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no ontic states
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Questions for ,ontic” intepretation

I e

» \What is the meaning of complex multidimensional wave function?
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Questions for ,ontic” intepretation

]

» Collaps® of the wave function
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» Collaps® of the wave function
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Questions for ,ontic” intepretation

» \What Is the meaning of complex multidimensional wave function?

on

+ Collaps® of the wave function

In Beil's test situation:

'rﬁﬁﬂwﬂﬁﬁﬁ‘ ‘vavﬁv\,ﬁ\i
Bob

Alice
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Questions for ,ontic” intepretation
» What is the meaning of complex multidimensional wave function?
» Collaps” of the wave function

In Beﬂ s test situation:

f‘J‘ AV v ‘ y uf LY vﬁvﬁaﬁ'\-‘uh‘u\/‘

Alice

Ref. Frame 1: A's choice of setting before B's outcome
Ref. Frame 2: B's choice of setting before A's outcome
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Questions for ,ontic” intepretation
» \What is the meaning of complex multidimensional wave function?
» .Collaps” of the wave function
.. In Bell's test situation:

ﬁuﬂv”‘dﬂu"‘uﬂvﬁvﬁvq‘hﬁ“i VAN ATy \/'

Alice

Ref. Frame 1: A's choice of setting before B's outcome
Ref. Frame 2: B's choice of setting before A's outcome

» \Who _really” influenced whom
» And in which reference frame?
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Questions for ,probabilistic” interpretation

~What exactly qualifies some physical
systems to play the role of ,measurer?
Was the wavefunction of the waorld
waiting to jump for thousands of
millions of years until a single-celled
Iving creature appeared? Or did it

nave to wait a little longer. for some
petter qualified system ... with a PhD?"

lohn. S. Bell, Against "Measurement’
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Questions for ,epistemic” interpretation

\A kA = r=tril [ - Na—y |
/NVhat Is distributed here”

What are states of some ,deeper reality’
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Questions for ,epistemic” interpretation

tributed here?
.1 i: !at ar% E 31.“.. .,_.T ::n-\_, J::p—r T'—:|]Tf. :-'

Quantum probabilities in terms of lack of knowledge of the
real properties
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Questions for ,epistemic” interpretation
What is distributed here?
What are states of some .deeper reality*?

Quantum probabilities in terms of lack of knowledge of the
real properties
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—
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Questions for ,epistemic” interpretation
What is distributed here?
What are states of some . deeper reality*?

Quantum probabilities in terms of lack of knowledge of the
real properties




Questions for ,epistemic” interpretation

Nhat is distributed here?
Vhat are states of some . deeper reality*?

Quantum probabilities in terms of lack of knowledge of the
real properties

Sell's thearem (respecting independence
of experimenter's choice from the hidden
variable): local realism excluded, but

which (if not both) principles is
violated is an open question




Questions for ,epistemic” interpretation

What is distributed here?
What are states of some . deeper reality”?

Quantum probabilities in terms of lack of knowledge of the
real properties

T G SR ) IR

riaden variable rrogram

I-..-jj'.-- '-':-"'l -\-.-"\_ :j.i\r- R a-.-.-t TPt r'!ﬁ“ r'i-‘-.r-
:'- < L :ur rx..bl:':'g |r4 I ACL.-":-LJ.E-L..:

of experimenter’s choice from the hidden
variable): local realism excluded, but
which (if not both) principles is
violated is an open question
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This talk

|. How plausible is “realism’” in terms of the amount of
resources. 1.e. the number of hidden-variable states (HV).
it requires?

L. Hardy (Stud Hist Philos.Mod.Phys. 33, 267 (2004)):

T outialea SIS ar e I_ o~ ..1| —— ;_.‘l,_ ..:l o~ e Armantc alraamy Err . —— ,._|.|.
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This talk
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it requires?
| Hardy (Stud Hist. Philos.Mod Phys. 33, 267 (2004)):

of HVs required for all measurements already for a single qubit

nfinite number of HV's require
A.Montina (PRA 77, 022104 (2008), PRL 97, 180401 (2006)).

ot A et A mrAa =i Aar A e eas irerm e nte me reslietts thesr cme Am s el o
f .,1”:: NIt C |-:'r4': IUMDEr of measurements ne realistc mneory can ,;!::'_.]t'T

e

e T (T s T e T oo
iafure more efficlently than quantum theory itself.

resources. 1.e. the number of hidden-variable states (HV).
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This talk

m’” in terms of the amount of

TR s Iicitila 1o -*:.----._i.-.
10 L.JE;,V: S ealls

resources. 1.e. the number of hidden-variable states (HV).

it requires?
L. Hardy (Stud Hist.Philos. Mod Phys. 33, 267 (2004))
nfinite number of HYs required for ::! measuraments already for a single qubit

e

l., ['T!ﬁl"-'fa PRA 77 “"'"] A4 '**’*.l;-l :IZLC_. ::_],j h'qj‘ﬁ;'
n the limit of large number of measurements na realistic theary can describe

nature more efficiently than quantum theory itself.
T. Rudolph & N. Harngan (arXiv:0709.1149)
Hoes daes the ’“Hr*-..,-:r:‘l ) f HY scale with the number of measurements N?

Ca '-J'-_'?:
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This talk

LA r-"|
1 N
o

ow plausible is “realism” in terms of the amount of
resources. I.e. the number of hidden-variable states (HV).
it requires?
L. Hardy (Stud Hist. Philos. Mad Phys. 33, 267 (2004)):
nfinite number of HVs required for all measurements already for a single qubit

A Montina (PRA 77. 022104 (2008), PRL 97, 180401 (2006)):

n the limit of large number of measurements no realistic m-*n can describe

nature more efficiently than quantum tT';,J_.- tself.

0

T. Rudolph & N. Harigan (arXiv:0709.1149)
H0es doss the *ur":er."l |) of HV scale with the number of measurements N?

2. How “non-local” is a non-local realistic theory?
“Bell's Non-locality” # Superluminal signalling?
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Single Qubit

o | Measurement directions

L bhd b




Single Qubit

Y ey | R~ Measurement directions

bhh b

i 5 =
LD - Rowi 3=
' Q=2N Hidden-Variable (HV) States
Any quantum stateis  “7-S2 53 =Y a0

a mixture over HVs:
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Single Qubit

c§? — (] + & Measurement directions

—

m

| 9 ~ )., s
' Q=2 Hidden-Variable (HV) States

Any quantumstateis 7262 73 =Y 00
a mixture over HVs: | =

e Tall = =] [ - - - Pl o |- -'.: I_. - £
| at IS the minimal numper L. or imvs 1or all
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Caratheodory’s theorem

A point in a convex polytope in RN can be written as a convex
combination of N+1 vertices




Caratheodory’s theorem

A point in a convex polytope in RN can be written as a convex
combination of N+1 vertices

moom, i,
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PSP £ D < Py
O O O O 1 - pN
1 1 1 1 )
0 1 1 1 P, P
0 0 1 1 12 %
0 0 0 1 Py — Py _




Caratheodory's theorem

A point in a convex polytope in RN can be written as a convex
combination of N+1 vertices

m, m, m, — Measurement Directions
v v v v
bhSP £ D < Py

0 | 0 | O 0 | 1-p,

1 1 1 1 2

0 1 1 1 P, P

0 | 0 |1 1 | PP

0 | 0 | 0 | ... | 1] By Bu




Caratheodory’s theorem

A point in a convex polytope in RN can be written as a convex
combination of N+1 vertices

m, nt, m, m, Measurement Directions
v v v v
AP S P .. SPs
O O O O l_pN X
1 ol ! B 1| B\

Probabilities
0 1 1 1 PP for N+1 HVs
0 0 |1 1 | PP

0 0 0 1 Py — Py,
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Caratheodory’s theorem

A point in a convex polytope in RY can be written as a convex
combination of N+1 vertices

mm, , m, ~— Measurement Directions
v \ v \
BSPh S B .. SB
O O O O 1_pN 3
1 1 1 1 P, \

Probabilities
0 1 1 1 P,—Db for N+1 HV/s
0 0 1 1

P;—P

0 0 0 1 Py — Py,
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Spekkens’ toy model

ﬂ-q-ﬂ-q 1 S Talawal

(R. W. Spekkens, Phys. Rev. A, 750323110 (2007))

» N=3 complementary measurements (x.y.z)
+ HV model for 6 quantum states: . +m,. £
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pekkens toy model

M) -1 Ta¥lalawal

kkens, Phys. Rev. A, 750323110 (2007))

» N=3 complementary measurements (x.y.z)

* HV model for 6 quantum states: . +m,. £
-
L]
'__"*;E:‘-—_—:: i,
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Spekkens toy model

ol ] ) ey '-"'-|.""" "'"'-""'."’"_'-
: :u F 75 ..-':] -:]_...-_r '-_-..-'-«-- .I.I

(R. W.

» N=3 complementary measurements (x.y.z)

» HV model for 6 quantum states: 1, £, 17
sy 0, 1. 1}
) D
*—— (1, 1.8
‘ 2" =8 Hvs
"““?\i:::: \ fit,
.)‘L{___--- J: B
0.0, a2 '
| 9
Y . 1. 0
saf1. (. 0} _-'_""'--—-_________. Page 69/14




Spekkens toy model

ns, Phys. Rev. A, 750323110 (2007))

'F J'.

L.Fl
{ lJI

» N=3 complementary measurements (x.y.z)
+ HV model for 6 quantum states: L, . |

(0. 0. 13
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Spekkens’ toy model

albslalawal

(R. W. Spekkens, Phys. Rev. A, 750323110 (2007))

= WW

» N=3 complementary measurements (x.y.z)

» HV model for 6 quantum states: L1, =,
i 1 11
-8 .___I‘H:_______—_—.
.L_______““—————Ll'gl' i‘ p(m_) as 50-50% mixture

“‘-‘%:\:_‘: \ fity
_‘\m‘r_—_“ 3 =i
W S
Ny ..
o | Bm.)=(p.(m.). p,(m.)p.(m.)
& 5 1 1 I 1 Page 71/14
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Spekkens’ toy model

’\"1 ‘1 TaBolalawal

(R. W. Spekiens, Phys. Rev. A, 750323110 (2007))

» N=3 complementary measurements (x.y.z)

» HV model for 6 quantum states: +m,. +m,. +m
= 1.1}
(.0,1} 'r__fu"h_____———.
R p(m_) as 50-50% mixture
- . 4 HVs needed
0. 0 0y, |

F
fiF 1 M
| < 1
e # - e

plm_ )=(p.(m.),p (m)p.(m))

sf]. 0, 0} --_'----_._-1_""'--—-_____ na 1 1 1 1 Page 72/14
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ekkens’ toy model

‘1 Talialawal

(R. W. Spekkens, Phys. Rev. A, 750323110 (2007))

» N=3 complementary measurements (x.y.z)

+ HV model for 6 quantum states: +m,. +m,. £
%N . 1
, 0, 1, 1}
g0 7 Nt
g
—___.

Quitside tetrahedron?

_""' ’ ‘ fit,,
b |
(0.0 ﬂi\\}/ { 'Y
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ekkens" toy model

ekkens, Phy A, 750323110 (2007))

( I: : .IIJ'II'.. :

III

» N=3 complementary measurements (x.y.z)

» HV model for 6 quantum states: ==
0 1}
" — P 0, 1. 1]
1.0.1] - Iﬁ“‘__——————i
F—i____ {1 L3y
Qutside tetrahedron?
\"QFZ m, For states outside of tetrahedron
>::£,. T All 2°=8 HVs are needed!
o P (&Y |
Ny .,
o—_
0. 0 _-__ Page 74/14




Spekkens’ toy model

& b o l.-bl :--ull.-ul_.-..—-.”

pekkens, Phys. Rev. A, 750323110 (2007))

( F . .I'J'll'.'l

L

» N=3 complementary measurements (x.y.z)

» HV model for 6 quantum states: +m,. tm,. tm

TN 1: 0. 1. 1
1.0,1} - 'r__f”:___——————t
o 4. 1.3
N\ -t
Qutside tetrahedron?
e m, For states outside of tetrahedron
N All 2°=8 HVs are needed!
0. P L
“-‘\V"; _ ’ h
.-_-- B
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+ S | . 4mm Measurement polytope
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4mm Dual polytope
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HV-Model Based on Dual Polytope

Dual Polytope: Dy ={y ER’| -1 <=m,y<lLn=1...N

", ‘EIL__;' ~~_ <4mmm Dual polytope

— " -
—— o - - — . - —— - e P

R N :]L‘-"-'L 1 | -.._'-41'.._ S & r|_\'|'_ Bl

— . L= B2l --i-i'-.-—’ | e i1 et | - |

; I " i
- Talal s | o - e Talifedal
ertices (nvs) of daual polytope
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HV-Model Based on Dual Polytope

(1

RIl-1=my=<ln=1...N]

Dual Polytope: D 2 = 1y

_ Dual polytope

— Any quantum state is a mixture of
jertices (RVs) of dual polytope
can be longer

—_ s = ..f-\ J
- Zai {*’x’OI' than guantum

Bloch vectors
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HV-Model Based on Dual Polytope

Dual Polytope: Dy ={y ER’| -1 <=m,y<lLn=1...\
..-“'-.
P . .
1 f_jl__ﬁi _ Dual polytope
| AN

— Any quantum state is a mixture of

= | E " R | —
1 =

__ & R w '*“}C_j — Can be longer
[ X —Z@;(»’f, ;  than quantum

Bk iinoles
Bloch vectors
| Pt P F Nl e e b
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HV-Model Based on Dual Polytope

(1

Rl—1=my=Ln=1...N|

Dual Polytope: D =

. 4= Dual polytope
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Measurement Polytope: Cube

« N=4 measurement directions
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Measurement Polytope: Cube

« N=4 measurement directions
»

my
mf . <= Dual polytope
”.f! CGTahE‘dfuﬂ
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Measurement Polytope: Cube

« N=4 measurement directions
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Measurement Polytope: Cube

* N=4 measurement directions
. (1.1.1.1)

my

s

(0,1.0.1) ' -
__ (0,0.1.1)
.——f iy L
L
.—q P, -9 (1.0.1.0)
(1,1.0,0) ¥ 4




Measurement Polytope: Cube

N=4 measurement directions

. (1.1.1.1)

N

. my
IR
i ms i

(0,1.0,1) 7 ’ R (0.0.1.1) \
n Ynlv 6 S are neeqde a
.1 ~~~ 0Unly 6 RAVs are needed

) or universdl simuiation
[ — (L.0.L.0)

(1.1.0.0)

Page 91/14




Lower and upper bound

F vertices of dual polytope




Lower and upper bound

F vertices of dual polytope

Caratheodory s
theorem

N -2 instead of N + 1: a vertex of the dual polytope saturates at least
three of the inequalities defining the polytope
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Lower and upper bound

F vertices of dual polytope

Caratheodory s
theorem

F<Q<(N-2)F

- | k

“robabilistic H\ 1 DO e
analysis

N+1<Q<4N-2)(N +])

N - 2 instead of N + 1: a vertex of the dual polytope saturates at least
three of the inequalities defining the palytope

“ P. McMullen, Mathematika 17, 179 (1970): A convex polytope witpe >
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Symmetric Polytopes:
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Symmetric Polytopes:

.
y Measurement and Dual Polytope
* =l has the same (group) symmetry
oy
0/{ o |
.
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Symmetric Polytopes:

.___ L 1. 1)

i O ot
e
y Measurement and Dual Polytope
/; S has the same (group) symmetry
woly |
f __ * .
—

Permutation representation 1 (gy) = Dp(g)h(y)
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Symmetric Polytopes:
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y Measurement and Dual Polytope
,: =y has the same (group) symmetry
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Permutation representation 1 (gy) = Dp(g)h(y)
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Symmetric Polytopes:

._ L . 1. 1]

e -i“- ________1 :l.iji; =9
B 4
y Measurement and Dual Polytope
/; = has the same (group) symmetry
oy
“.‘f’y | » | .
* Y dao aiciu
i : to the verte
(1. 1.9 \

Permutation representation 1 (gy) = Dp(g)h(y)

Decomposition in deterministic HVs: h(gy) = Y ,a;D5(g)0

Page 100/14




Symmetric Polytopes:

.I.;I.___'_!_ L L. 1]

N )
B
A Measurement and Dual Polytope
b < hasthe same (group) symmetry
0. vy l
N“f = | . i \/ acenriatan

| & i TV daoouLialcu
1. . 0 / ine verte

Permutation representation 1 (gy) = Dp(g)h(y)
Decomposition in deterministic HVs: h(gy) = Y ,a;Dp(g)0
Deterministic HVs = a union of group orbits {Dp(2)0;1g € G
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Symmetric Polytopes:

mr ey 4
~F
y Measurement and Dual Polytope
/: | has the same (group) symmetry
to. o' »5
x, . o
| & TV doslidlcu
(L 0.0 to the vertey

Permutation representation 1 (gy) = Dp(g)h(y)

Decomposition in deterministic HVs: h(gy) = Y ,a;Dp(2)0
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Platonic solids

Solid N 2N 0

N | Octahedro 3 3
Z; ctahedron 3 8 0
i> Cube 4 16 6
@ lcosahedron A 64 20
i Dodecahedron 1() 1024 24

Octahedron & Cube: Octahedral group, with 24 rotations
Icosahedron & Dodecahedron: |cosahedral group, with 60 rotafions
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General Case: Qudit
Generalized Gell-Mann Operators

p=11+@-DY2 x;A] TilA
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General Case: Qudit

Generalized Gell-Mann Operators

p==[1+d-1DY2,xA]l TrAd)=-L6

Quantum Probability i
N ) 1
P(¥)=—{1+(d-1)z-m,)

il
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General Case: Qudit

Generalized Gell-Mann Operators

Quantum Probability ==
. ] ‘ o = m
p.(x)= E(If(d—l](,r-mﬁ)] 3 i
-

Not a state
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General Case: Qudit

Generalized Gell-Mann Operators

_Il_‘:] — _:1 T 'H': (i L ’Z_ B, | .-’i : _1—-1'I ll_;‘L | — —— ,“1;
. D=J*—]
Quantum Probability i
= = | el e m

p.(x)= 3(1—(d—1)(,r-mﬁ)) " State
-5 4 | "t
Jual Polytope — N d-valued observables LT

: Not'a state
P o :l_L;E?_-” — _<my<ln=1,. . dN}
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General Case: Qudit

Generalized Gell-Mann Operators
p = 4_1 + (d — ’Z— XA TrlA:A:) = -5

Quantum Probability D=d

= o] . =% o m
P,(%)= jl:—(d -1)F-m,)) 7 St
- : | -
Jual Polvtope = N d-valued observables yINE
i Not g state
P :%}'E__ﬂ:* —%Em y=ln=l1,...,dNt.
lumber of vertices F

Probabilistic HV: Q=F =(2dN-§)"° >=|(D+1)/2]
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General Case: Qudit

Generalized Gell-Mann Operators
p=H1+d-DI2, xA]l  TrAd)=-L5
Quantum Probability |
e e moom
P(¥)= {1 +(d-1)%-m,) ‘

7 State

-in
Jual Polvtope = N d-valued observables Ny ue:
. Not a state
P :{x'E_" ———=m,y=Il,n=| V
Number of vertices F

Probabilistic HV: Q=F =(2dN-§)""°
Deterministic HV: Q= (2dN -6)" "’ -O(Nd)

(D +1)/2]

!

> i 5 P'alig 0 109/14
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Limit of large number of measurements
‘preparation- and measurement-universal model)

Hilbert-Schmidt Space of Hermitian operators with unit trace

Measurement Polytope
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Limit of large number of measurements
(preparation- and measurement-universal model)

Hilbert-Schmidt Space of Hermitian operators with unit trace
Measurement Polytope
I n=1,...,dN

fs\ ___ Dual Polytope Y/
Vi (larger than the set of quantum states)

i, Tr(5,01,) € [0, 1]
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Limit of large number of measurements
(preparation- and measurement-universal model)

Hilbert-Schmidt Space of Hermitian operators with unit trace

Measurement Polytope

Dual Polytope Y/
(larger than the set of quantum states)

Te(5,11,) €0, 1]

= ——

Tr(3,11,) €[0,1] for all TT

> Eigenvalues between 0 and 1
Tr(yv,) = 1.

= \’, are alantum <tates
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How “non-local” is non-local realism?
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How “non-local” is non-local realism?

4. In the singlet case) cannot cantrol the outcome. but can (freely)
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How “non-local” is non-local realism?

in the singlet case) cannot cantrol the outcome, but can (freely)
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P(B|x,y)=Y P(4.B| x,y)=P(B|)
A
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"
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No-signalling at the
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But what if “hidden” probabilities exist and Bab has an
access to them?
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How “non-local” is non-local realism?
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t control the outcome, but can (freely)
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No-signalingatthe — p(p| x, y)=""P(4,B|x,y)=P(B|y)
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But what if “hidden” probabilities exist and Bab has an
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How “non-local” is non-local realism?

Alice (e.g. In the singlet case) cannat control the outcome., but can (freely)
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Logical Bound (4) if full info about A's setting from B's correlation
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Proof: Bell’s violation implies signalling at the HV level
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Proof: Bell’s violation implies signalling at the HV level
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Proof: Bell’s violation implies signalling at the HV level
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1. At most poly(N) HVs are enough to simulate N measurements
on an arbitrary qudit.
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Summary:

At most poly(N) HVs are enough to simulate N measurements
on an arbitrarv qudit.

Quantum mechanics is an optimal description in the limit. Even
for a single qubit, “realism” as HV program is extremely

resource demanding, requiring infinitely many HV states.
Reference: |
B. Dakic, M. Suvakav, T. Paterek, and C. Brukner

nys. Rev. Lett. 101, 190402 |

l}“\. |
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summary:

At most poly(N) HVs are enough to simulate N measurements
on an arbitrary qudit.

Quantum mechanics is an optimal description in the limit. Even
for a single qubit, “realism” as HY program is extremely

resource demanding, requiring infinitely many HV states.
Reference |
B. Dakic, M. Suvakov, T. Paterek, and C. Brukner

Fe: Lett. 101, 150402 (2008)

Any HV theory vio|at|ng Bell's inequality allows superluminal
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Reference:
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Summary:

At most poly(N) HVs are enough to simulate N measurements
on an arbitrary qudit.

Quantum mechanics is an optimal description in the limit. Even
for a single qubit, “realism” as HV program is :xtrﬂmelv

resource demanding, requiring infinitely many HV states.
Reference:
D&ﬁH*.uV SJEBKC , T. Paterek, and C. Brukner

I. 3 l._I_F

. Rev. Lett. 101, 190402 ':C'C'S.u
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Summary:

At most poly(N) HVs are enough to simulate N measurements
on an arbitrary qudit.

Quantum mechanics is an optimal description in the limit. Even
for a single qubit, “realism” as HV program S extrﬂmelv
resource demanding, requiring infinitely many HV states.

I W e el b e

Reference:
B. Dakic, M. Suvakov, T. Paterek, and C. Brukner
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alling at the HV level
-q-d - | o - e

Any HV theory vloiatincz Bell's inequality allows superiuminal
Sign

Reference:
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Pauli to Born (1954)

1 AN BORN
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Against all the retrogressive endeavors (Bohm. Schrodinger etc. and in some
sense also Emstem) I am sure that the statistical character of the 'F-function
und hence of nature’s laws - on which vou msisted from the very ffc'gumuig
against Schrodmger's resistance -- will define the stvle of the laws at least for
some centurtes. It may be that later. e g 1 connection with the h'.' Ing
rocesses. one will find something entirelv new. but to dream of a wav back,
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which these gentlemen are giving themselves up to) seems to me hopeless

groundless, bad taste _i;ld. we could add. it 1s not even a beautiful dream
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Moral ...

The theory has been telling us for 74 years that there is
a problem with naive realism.
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Pauli to Born (1954)
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Summary:

At most poly(N) HVs are enough to simulate N measurements
on an arbitrary qudit.

Quantum mechanics is an optimal description in the limit. Even
for a single qubit, “realism” as HV program is extremely
resource demanding, requiring infinitely many HV states.
Reference:
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Summary:

At most poly(N) HVs are enough to simulate N measurements
on an arbitrary qudit.

Quantum mechanics is an optimal description in the limit. Even
for a single qubit, “realism” as HV program is extremely

resource demanding, requiring infinitely many HV states.
Reference: |
B. Dakic, M. Suvakav, T. Paterek, and C. Brukner
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Any HV theory mo}ating Bell's inequality allows superluminal
signalling at the HV level

Reference: A
M. Pawlow Kofler, T. Paterek, C. Brukner
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At most poly(N) HVs are enough to simulate N measurements
on an arbitrary qudit.

Quantum mechanics is an optimal description in the limit. Even
for a single qubit, “realism” as HV program is extremely
resource demanding, requiring infinitely many HV states.
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